DOT-HS-806-442 
DOT-TSC-NHTS  A-83-2 


-IE 

I 8.5 
. A34 
do . 
JOT- 

rsc- 

JHTSA- 

33-2 


Application  of  Plant 
Manufacturing  Burden  to 
Standard  Product  Costs  and 
Cost  Estimates  Related  to 
Vehicle  Teardown  Studies 


Booz  Allen  and  Hamilton,  Inc. 
Transportation  Consulting  Division 
4330  East-West  Highway 
Bethesda  MD  20014 


August  1983 
Final  Report 


This  document  is  available  to  the  public 
through  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161. 


U S.  Department  of  Transportation 

National  Highway  Traffic  Safety 
Administration 


Office  of  Research  and  Development 
Office  of  Vehicle  Research 
Washington  DC  20590 


NOTICE 

This  document  is  disseminated  under  the  sponsorship 
of  the  Department  of  Transportation  in  the  interest 
of  information  exchange.  The  United  States  Govern- 
ment assumes  no  liability  for  its  contents  or  use 
thereof. 


NOTICE 

The  United  States  Government  does  not  endorse  prod- 
ucts or  manufacturers . Trade  or  manufacturers 1 
namOs  appear  herein  solely  because  they  are  con- 
sidered essential  to  the  object  of  this  report. 


J 


T«5 


/f,4 
, A3  */ 

7 u>.  ”7)  (Tf^TSC-  AJ  - r — 


Technical  Report  Documentation  Page 


1 . Report  No. 

DOT-HS- 806-442 

2.  Government  Accession  No. 

3.  Recipient’s  Catalog  No. 

4.  Title  and  Subtitle 

"APPLICATION  OF  PLANT  MANUFACTURING  BURDEN  TO 
^STANDARD  PRODUCT  COSTS  AND  COST  ESTIMATES 
RELATED  TO  VEHICLE  TEARDOWN  STUDIES 

5.  Report  Date 

August  1983 

6.  Performing  Organization  Code 

DTS-43 

8.  Performing  Organization  Report  No. 

DOT-TSC-NHTSA-83- 2 

7.  Author's) 

9.  Performing  Organization  Name  and  Address 

Booz'Allen  6 Hamilton,  Inc.* 
Transportation  Consulting  Division 
4330  East-West  Highway 
Bethesda  MD  20014 

10.  Work  Umr  No.  (TRAIS) 

HS274/R2411 

11.  Contract  or  Grant  No. 

DOT-TSC- 1609 

13.  Type  of  Report  and  Period  Covered 

Final  Report 
1982 

12.  Sponsoring  Agency  Name  and  Address 

U.S.  Department  of  Transportation 
National  Highway  Traffic  Safety  Administration 
Office  of  Research  6 Development 
Washington  DC  20590 

14.  Sponsoring  Agency  Code 

NRD-10 

15.  Supplementary  Notes 

*Under  Contract  to 


U . S . Department  of  Transportation 
Research  and  Special  Programs  Administration 
Transportation  Systems  Center 
Cambridge  MA  02142 


16.  Abstract 

The  automotive  industry's  uses  of  competitive  vehicle  teardown 
studies  are  described  and  recommendations  for  more  effective  use  of 
teardown  data  in  vehicle  weight  reduction  are  presented.  This  report 
also  relates  the  development  and  application  of  plant  manufacturing 
burden  to  standard  product  costs  and  cost  estimates  developed  from 
automotive  vehicle  teardown  studies. 


departments 

TRANSPORTATIO 

dec  1983 


17.  Key  Words 

Vehicle  Teardown,  Automotive 
Weight  Reduction 


18.  Distribution  Statement 

DOCUMENT  IS  AVAILABLE  TO  THE  PUBLIC 
THROUGH  THE  NATIONAL  TECHNICAL 
INFORMATION  SERVICE.  SPRINGFIELD. 
VIRGINIA  22161 


19.  Security  Classif.  (of  this  report) 

UNCLASSIFIED 


20.  Security  Classif.  (of  this  page) 

UNCLASSIFIED 


21  • No.  of  P ages 
60 


Form  DOT  F 1700.7  (8-72) 


Reproduction  of  completed  page  authorized 


. 


. 


. 


■ 


PREFACE 


The  information  contained  in  this  report  is  based  on  the  experience  of 
Harbour  and  Associates,  a Detroit  based  consulting  firm  whose  members  are 
retired  manufacturing  and  financial  executives  from  the  automotive  industry. 

The  report  was  prepared  for  the  U.S.  Department  of  Transportation,  Trans- 
portation Systems  Center,  under  Contract  No.  DOT-TSC-1609 . The  work  was 
sponsored  by  the  National  Highway  Traffic  Safety  Administration's  Office  of 
Vehicle  Research,  NRD-13.  The  opinions,  findings  and  conclusions  expressed 
in  this  publication  are  those  of  the  authors  and  not  necessarily  those  of  the 
Transportation  Systems  Center. 


Approximate  Conversions  to  Metric  Measures 


.£  .£  s t E 


£ - 

u 

to 

to 

6 

£ 

6 - x 

2 i 5 

— o 

M — Z 

e s uj 

.2  * 


C/3 

OB 

O 

U 


« 

cc 

I 

o 

u 

u 


< g 


© O W trt 

€ € si? 

c c ® « g 


♦ W r-  (O 


l! 

if  2 

£ 5 s s 8 

i § 1 1 5 


"sVi 


II 

* E 


N ♦ U> 
o to  O CM* 


fc  e» 

i s § 

fig! 

nh 

5 3 I 3 

Jci  II 


S E E J 1B"e  1 3 


M Z 

II 


I tU,  1 

our-  «e 


8 » 
s & & > 


i s* 

• <8  > 

4 3 S I 2 .8 

=11*33 


S,8S  « 

o n »»  o tg  v 


> i i 

IlIII! 


EZ  ZZ  XZ  OZ  61  81  il  91  SI  »I  EX  ZI  II  01 


..  « 

I i 

i i 
£ 2 


Is 

*5  3 

o>  s 


J2  2 

u 


.“■S' 


8 - 


_o 


_ o 


T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

T|T 

9 

8 

7 

6 

6 

4 

3 

2 

i 

indies 

8 

»» 

W, 


S S E I 


* M 

© © 2 
II  B | 
i I f I 

<j  o £ j* 


to— 

B^eTe  J S 


i i 
fill 

§ I ? 5 . 
• * « • £ 
S 5 S 5 3 

3 3 3 3 W 

i 7 7 zs 


_ _ _ <o  n 

EEE E E 


I. 

slf 

3>£  S 


r « 

® 5 


<o  m 

$ $ 


“ “ ~Z  M « M M U U 
— — — CD  © © ©.0.0 

1 1 I S 5 = = 5 3 


1 si 

c j - « 


lA  « « g- 

M 

to  8 • * ♦,  • 

U>  UJ 

<?  <T>  K 

to 

tf 

m 

M 

O 

* N V)  CO  40  qi 

N * fl>  # O N “ 

(N  O O i-  2 

• CO 

d o o n e S 

28 

0, 

0. 

Ul 

ujtooooocdoo  “E 

r-  CO  3 

oe 

< 

M 

(A 

< 

s 

m 

• mm 

1 f IS 

iS 

lb) 

VOL 

H- 

< 

OC 

UJ 

a. 

2 

UJ 

s 8 _ « ►- 

m So  s w 

JO  ~ p • 

« « 5 — 
£ £ 4 E 


£•£»•£ 

8 s e s . 

I 5 5 3 8 

77778 


..3! 

C 1 S — 

g 17 


.£*>■£ 


•k'feV 


o a 5 « ® > 

111 »sSisi 

2 -g  3 ^ .£  3 « 3 3 
5 2;  cj  a a a o o 


h-  S o o,  cr  a)  — >■ 


m ® 
« 
u 


<7)0  — 
\ 3 N 

m © co 


m a 

J 8. 
I i 


IV 


• 1 m - 2.54  (exactly).  For  other  exact  conversions  and  more  detailed  tables,  see  NBS  Misc.  Pobl.  286. 
Units  of  Weights  and  Measures.  Price  $2.25.  SD  Catalog  No.  Cl 3.1 0:286. 


TABLE  OF  CONTENTS 


Page 

Number 


1.  INTRODUCTION 1-1 

2.  PLANT  MANUFACTURING  BURDEN 2-1 

Role  of  Plant  Manufacturing  Burden  in  Standard  Product  Costs 2-1 

Methodology  Employed  By  Automotive  Manufacturers  in  Developing 

Plant  Burden  Absorption  Rates 2-7 

Sensitivity  of  Plant  Manufacturing  Burden  to  Production  Volume  and 
Level  of  Automation 2-20 

3.  DESCRIPTION  OF  THE  AUTOMOTIVE  INDUSTRY'S  USE  OF  COMPETITIVE  VEHICLE 

TEARDOWN  STUDIES 3-1 

Objectives  of  Teardown  Studies  Conducted  by  The  Automotive 

Industry 3-1 

Methodology  Employed  by  The  Automotive  Industry  in  Performing 

Vehicle  Teardown  Studies 3-1 

Analysis  and  Use  of  The  Vehicle  Teardown  Study  Data  by  The 

Automotive  Industry 3-3 

4.  RECOMMENDED  GUIDELINES  FOR  USE  OF  TEARDOWN  STUDY  DATA  IN  WEIGHT 

REDUCTION  PROGRAMS 4-1 

Restatement  of  The  Problem 4-1 

Summary  of  Recommended  Guidelines. 4-2 

APPENDIX  - REPORT  OF  NEW  TECHNOLOGY A-l 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

2-1  ELEMENTS  OF  A TYPICAL  MANUFACTURING  COMPANY'S  INCOME 

STATEMENT 2-3 

2-2  ELEMENTS  OF  COSTS  OF  PRODUCTS  SOLD  AND  OTHER  OPERATING 

CHARGES 2-4 

2-3  ELEMENTS  OF  STANDARD  PRODUCT  COSTS 2-5 


v 


LIST  OF  ILLUSTRATIONS  (CONTINUED) 


Figure  Page 

2-4  APPLICATION  OF  PLANT  BURDEN  RATE  TO  STANDARD  PRODUCT  COSTS 2-6 

2-5  METHODOLOGY  EMPLOYED  IN  DEVELOPING  PLANT  BURDEN  ABSORPTION 

RATES 2-8 

2-6  CALCULATION  OF  INDIRECT  LABOR  DOLLARS 2-11 

2-7  CALCULATION  OF  INDIRECT  LABOR  FRINGE  BENEFITS 2-12 

2-8  ALLOCATION  OF  INDIRECT  LABOR  AND  FRINGE  BENEFIT  DOLLARS  TO 

BURDEN  CENTERS  IN  STAMPING  PLANTS,  ENGINE  PLANTS  AND  FOUNDRIES..  2-15 

2-9  ALLOCATION  OF  OTHER  MANUFACTURING  EXPENSES  TO  THE  BURDEN 

CENTERS  IN  A STAMPING  PLANT,  ENGINE  PLANT  AND  FOUNDRY 2-17 

2-10  CALCULATION  OF  DIRECT  LABOR  DOLLARS 2-18 

2-11  SUMMARIZATION  OF  DIRECT  LABOR  DOLLARS  BY  BURDEN  CENTER  FOR  A 

STAMPING  PLANT 2-19 

2-12  CALCULATION  OF  STANDARD  BURDEN  ABSORPTION  RATES 2-20 

2-13  THREE  DIFFERENT  APPROACHES  TO  STAMPING  A PANEL  HOOD-OUTER 2-22 

2-14  THREE  DIFFERENT  APPROACHES  TO  STAMPING  A PANEL  HOOD-LINER 2-23 

2-15  TWO  DIFFERENT  APPROACHES  TO  HOOD  ASSEMBLY 2-25 

2-16  EXPLANATION  OF  DIFFERENCES  IN  MANPOWER  REQUIREMENTS  FOR 

NON-AUTOMATED  AND  AUTOMATED  4-CYLINDER  ENGINE  MANUFACTURING 
PROCESSES 2-32 

4-1  FORMAT  FOR  RECOMMENDED  MANUFACTURING  PROCESS  SHEET 4-3 

4-2  FORMAT  FOR  RECOMMENDED  COST  ESTIMATE  SHEET 4-4 


vi 


LIST  OF  TABLES 


Table  Page 

2-1  MANUFACTURING  EXPENSES  BY  EXPENSE  CATEGORY 2-10 

2-2  CALCULATION  OF  BURDEN  ABSORPTION  RATES  FOR  HOOD  PANEL  INNER  AND 

OUTER 2-2  7 

2-3  CALCULATION  OF  BURDEN  ABSORPTION  RATES  FOR  HOOD  ASSEMBLY 2-28 

2-4  SUMMARY  OF  DIRECT  LABOR  AND  BURDEN  COSTS  PER  PIECE  - HOOD  PANEL 

INNER,  HOOD  PANEL  OUTER  AND  HOOD  ASSEMBLY 2-29 

2-5  COMPARISON  OF  MANPOWER  REQUIREMENTS  FOR  NON-AUTOMATED  AND 

AUTOMATED  4-CYLINDER  ENGINE  MANUFACTURING  PROCESSES 2-31 

2-6  CALCULATION  OF  BURDEN  ABSORPTION  RATES  - 4-CYLINDER  ENGINE 

NON-AUTOMATED  MANUFACTURING  PROCESS 2-35 

2-7  CALCULATION  OF  BURDEN  ABSORPTION  RATES  - 4-CYLINDER  ENGINE 

AUTOMATED  MANUFACTURING  PROCESS 2-36 

2-8  SUMMARY  OF  DIRECT  LABOR  AND  BURDEN  COSTS  PER  ENGINE 2-37 


vii/viii 


1.  INTRODUCTION 


Currently,  the  U.S.  Department  of  Transportation, 
Transportation  Systems  Center  (DOT/TSC)  has  contracts  to 
have  domestically  built  cars  dismantled  and  estimates  of 
tooling,  material  and  processing  costs  and  weight  prepared 
for  selected  components.  For  each  component,  two  cost  and 
weight  estimates  are  prepared: 

• One  based  on  the  material  the  component  is  presently 
made  from 

• The  other  assuming  the  component  is  made  from  a 
substitute  light  weight  material. 

The  two  estimates  are  then  compared  and  cost  justified 
weight  reduction  potentials  are  identified.  The  problem  is 
that  the  contractors  who  are  preparing  these  estimates  have 
not  specified  the  production  volumes  and  manufacturing  pro- 
cesses that  they  assumed.  Also,  processing  costs  are  not 
broken  down  into  direct  labor,  burden  and  other  cost  ele- 
ments . 

Production  volumes  and  the  level  of  automation  included 
in  the  manufacturing  process,  significantly  effects  the  direct 
labor  and  burden  elements  of  component  product  costs.  There- 
fore, knowledge  of  assumed  production  volumes  and  manufac- 
turing processes  and  a definitive  breakdown  of  processing 
costs  i.e.,  direct  labor,  burden,  etc.  are  essential  to 
making  valid  and  meaningful  cost/weight  comparisons. 

The  objectives  of  this  report  are  to: 

• Define  plant  manufacturing  burden,  describe  the 
development  of  burden  rates  and  their  application 
in  a standard  product  cost  system 


• Describe  the  automotive  industry's  uses  of  compe- 
titive vehicle  teardown  studies 

• Recommend  guidelines  for  more  effective  use  of 
teardown  study  data  in  weight  reduction  studies. 
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The  material  presented  in  this  report  is  based  on  the 
knowledge  and  experience  of  retired  auto  industry  executives 
in  manufacturing  and  finance.  The  material  includes  narra- 
tive descriptions  supported  by  block  diagrams  and  where  appro- 
priate, cost  charts. 
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2.  PLANT  MANUFACTURING  BURDEN 


As  described  in  the  previous  chapter,  plant  manufactur- 
ing burden  is  extremely  important  for  a realistic  estimation 
of  component  costs.  In  fact,  it  is  one  of  the  key  elements 
that  comprise  standard  product  costs  which  in  turn  is  one 
of  the  elements  of  "cost  of  products  sold  and  other  operat- 
ing charges"  reported  on  a typical  automotive  manufacturing 
company's  income  statement. 

This  chapter  of  the  report  provides  an  overview  of  the 
concept  of  plant  manufacturing  burden  as  used  in  the  auto- 
motive manufacturing  industry.  The  purpose  of  the  chapter 
is  to  provide  the  reader  with  a basic  understanding  of  plant 
manufacturing  burden  and  its  importance  in  estimating  stand- 
ard product  costs.  The  material  presented  in  this  chapter 
and  the  next  serves  as  the  basis  for  the  recommendations 
presented  in  Chapter  4. 

The  chapter  is  divided  into  three  sections,  as  follows: 

• Role  of  Plant  Manufacturing  Burden  in  Standard 
Product  Costs 

• Methodology  Employed  by  Automotive  Manufacturers 
in  Developing  Plant  Burden  Absorption  Rates 

• Sensitivity  of  Plant  Manufacturing  Burden  to 
Production  Volume  and  Level  of  Automation. 

ROLE  OF  PLANT  MANUFACTURING  BURDEN  IN  STANDARD  PRODUCT  COSTS 

This  section  describes  the  role  of  plant  manufacturing 
burden  in  developing  standard  product  costs  starting  with  a 
look  at  the  elements  of  a typical  manufacturing  company's 
income  statement. 

Elements  of  A Typical  Manufacturing  Company's  Income 
Statement 

Automotive  manufacturing  companies  generally  publish 
the  financial  results  of  operations  annually.  These  results 
typically  include,  but  are  not  necessarily  limited  to,  the 
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following  broad  classifications  of  income  and  expenses  (see 
Figure  2-1 ) : 

• Net  sales 

• Costs  of  products  sold  and  other  operating  charges 

• Selling,  general  and  administrative  expenses 

• Net  profit  (or  loss)  before  income  taxes. 

Note  that  no  mention  is  made  of  plant  manufacturing 
burden  costs.  Nonetheless  these  costs  are  reflected  within 
the  categories  listed  in  Figure  2-1  as  will  be  shown  in  the 
following  sections.  The  category  of  interest  in  Figure  2-1 
is  the  costs  of  products  sold  and  other  operating  charges. 

Cost  of  Products  Sold  and  Other  Operating  Charges 

Figure  2-2  expands  upon  the  expense  category  costs 
of  products  sold  and  other  operating  expenses.  As  shown 
in  the  figure,  costs  of  products  sold  and  other  operating 
expenses  usually  consist  of  the  following  broad  categories: 

• Standard  product  costs 

• Variances  from  standard  product  costs 

• Product  development  costs 

• Manufacturing  and  procurement  staff  costs 

• Amortization  of  special  tool  costs. 

Standard  product  costs  are  based  on  standards  which 
remain  unchanged  for  a model  year.  Variances  from  standard 
product  costs  are  segregated  into  variance  accounts  and  are 
recorded  in  the  period  incurred.  Standard  product  costs 
are  used  for  progressive  accounting  through  raw  material, 
in-process  and  finished  products  inventories  and  for  cost 
of  products  sold.  As  will  be  shown  in  the  next  section, 
plant  burden  is  one  of  the  elements  of  standard  product 
costs . 

Standard  Product  Costs 


Figure  2-3  shows  the  key  elements  that  comprise  standard 
product  costs.  As  shown,  standard  product  costs,  are  com- 
prised of: 

• Standard  direct  material 
Direct  material 

Indirect  material  (adhesives,  cements,  paint 
sealers,  solder,  etc.) 
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NET  SALES 


(MINUS) 


COST  OF  PRODUCTS 
SOLD  AND  OTHER 
OPERATING  CHARGES 


(MINUS) 


SELLING, GENERAL 
S 

ADMINISTRATIVE  EXPENSES 


(EQUALS) 


NET  PROFIT  OR  (LOSS) 
BEFORE  INCOME 
TAXES 


FIGURE  2-1.  ELEMENTS  OF  A TYPICAL  MANUFACTURING  COMPANY'S 

INCOME  STATEMENT 
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STANDARD  PRODUCT 
COSTS 


(PLUS) 


VARIANCES  FROM 
STANDARD  PRODUCT 
COSTS 

(PLUS) 

PRODUCT  DEVELOPMENT 

- PRODUCT  PLANNING 

- STYLING 

- ENGINEERING 


(PLUS) 


(PLUS) 


AMORTIZATION 

OF 

SPECIAL  TOOLING 
(EQUALS) 


COST  OF  PRODUCTS 
SOLD  AND  OTHER 
OPERATING  COSTS 


FIGURE  2-2.  ELEMENTS  OF  COSTS  OF  PRODUCTS  SOLD  AND  OTHER 

OPERATING  CHARGES 
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• Standard  in-bound  transportation 

• Standard  direct  labor 

• Standard  plant  burden 

Fixed  and  non-variable 
Variable. 


FIGURE  2-3.  ELEMENTS  OF  STANDARD  PRODUCT  COSTS 
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Of  particular  importance  in  Figure  2-3  is  plant  stand- 
ard (i.e.,  manufacturing)  burden.  Plant  standard  burden 
consists  of  manufacturing  expenses  incurred  for  the  main- 
tenance and  operations  of  a manufacturing  facility,  exclu- 
sive of  direct ■ labor , productive  material  and  in-bound 
transportation.  As  shown  in  Figure  2-4,  plant  standard 
burden  is  determined  by  multiplying  standard  direct  labor 
by  a burden  absorption  rate.  The  methodology  employed  by 
the  automotive  industry  in  developing  this  rate  is  the 
subject  of  the  next  section. 


FIGURE  2-4.  APPLICATION  OF  PLANT  BURDEN  RATE  TO 
STANDARD  PRODUCT  COSTS 
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METHODOLOGY  EMPLOYED  BY  AUTOMOTIVE  MANUFACTURERS  IN  DEVELOPING 
PLANT  BURDEN  ABSORPTION  RATES 


Figure  2-5  provides  a very  simplified  description  of 
how  companies  distribute  manufacturing  expenses  and  arrive 
at  burden  absorption  rates.  Note  that  all  of  the  hundreds 
of  categories  of  expenses  are  basically  split  into  two 
categories:  variable  and  f ixed/non-var iable . Very  simply, 
variable  costs  are  those  items  which  will  change  substantially 
when  production  volume  or  plant  utilization  changes.  Fixed/ 
non-variable  are  those  items  which  are  essentially  constant 
whether  the  company  is  fully  utilizing  the  facility  or  not. 

A step-by-step  discussion  of  the  methodology  employed 
by  the  automotive  industry  for  developing  plant  burden 
absorption  rates  as  displayed  in  Figure  2-5,  is  described 
in  the  following  sections: 

• Estimation  of  manufacturing  expenses  (step  1) 

• Allocation  of  manufacturing  expenses  to  burden 
centers  (step  2) 

• Calculation  of  direct  labor  (step  3) 

• Calculation  of  standard  burden  absorption  rates 
(step  4) 

Estimation  of  Manufacturing  Expenses 

As  shown  in  Figure  2-5,  the  first  step  in  the  methodo- 
logy involves  the  estimation  of  plant  manufacturing  expenses. 
Manufacturing  expenses  consist  of  indirect  salary  and  hourly 
labor  and  related  fringe  benefits  budgeted  at  control  volume* 
and  other  manufacturing  expenses  indirectly  related  to  the 
maintenance  or  operation  of  the  manufacturing  facility,  also 
budgeted  at  control  volume. 

Personnel  of  the  following  departments  are  considered 
indirect  labor: 

• Plant  Manager 

• Controller 

• Industrial  engineering 


Control  volume  is  a selected  annual  production  volume  level  based 
on  marketing  studies,  to  provide  a uniform  and  conservative  base 
for  formulating  plans,  evaluating  performance  and  for  use  in 
developing  standard  product  costs. 
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• Personnel 

• Resident  engineering 

• Quality  control 

• Production  control 

• Manufacturing  engineering 

• Production-foreman,  clerks,  etc. 

Other  manufacturing  expenses  generally  are: 

• Maintenance  materials 

• Perishable  tools 

• Spoilage  and  rework 

• Supplies 

• Communications 

• Postage 

• Purchased  services 

• Fuel  costs 

• Utilities 

• Overtime  premiums 

• Insurance 

• Taxes-real  and  personal  property 

• Depreciation-machinery,  equipment,  furniture, 
and  fixtures. 

The  following  sections  describe  the  methodologies 
employed  in  calculating  indirect  labor  dollars  and  benefits 
and  other  manufacturing  expenses.  A summary  of  these  expense 
items  by  category  (i.e.,  f ixed/non-var iable  and  variable) 
is  shown  in  Table  2-1.  Note  that  many  of  the  expense  items 
fall  into  more  than  one  expense  category. 
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TABLE  2-1. 


MANUFACTURING  EXPENSES  BY  EXPENSE 
CATEGORY 


Expense  Category 

Expense  Item 

Fixed 

Non-Variable 

Variable 

Indirect  labor  dollars 

X 

X 

Indirect  labor  benefits 

X 

X 

Maintenance  materials 

X 

X 

Perishable  tools 

X 

X 

Spoilage  and  rework 

X 

Supplies 

X 

X 

Communications 

X 

Postage 

X 

Purchased  Services 

X 

X 

Fuel  Costs 

X* 

X 

Utilities 

X* 

X 

Overtime  Premium 

X 

Insurance 

X 

Taxes-real  and  personal 

property  ; 

X 

Depreciation-machinery, 
equipment,  furniture  and 
fixtures 

X 

Primarily  fixed. 


Calculation  of  Indirect  Labor  Dollars 

An  overview  of  the  methodology  used  in  calculating 
indirect  labor  dollars  is  shown  in  Figure  2-6.  As  shown, 
indirect  manning  tables  developed  by  industrial  engineering 
for  various  production  volume  levels  are  used  to  determine 
non-variable  and  variable  manpower  requirements  of  the  non- 
productive departments  which  support  the  productive  depart- 
ments. These  manpower  requirements  are  then  multiplied  by 
the  annual  number  of  workhours  and  the  departmental  average 
wage  rate  to  arrive  at  the  non-variable  and  variable  indirect 
labor  dollars.  Using  this  methodology  indirect  labor  dollars 
for  both  salaried  and  hourly  workers  are  determined. 
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FIGURE  2-6.  CALCULATION  OF  INDIRECT  LABOR  DOLLARS 


Calculation  of  Indirect  Labor  Fringe  Benefits 

Figure  2-7  is  an  overview  of  the  methodology  used  by 
the  auto  industry  in  calculating  indirect  labor  fringe 
benefits.  Simply  speaking,  indirect  salary  and  hourly 
labor  dollars  at  control  volume  are  multiplied  by  the  latest 
actual  fringe  benefit  rates  to  arrive  at  non-variable  and 
variable  fringe  benefits  at  control  volume. 

As  shown  in  the  figure,  typical  benefits  are: 

• Education  aid 

• Stock  plan 

• Cost  living 

• F . I . C . A . 

• Unemployment  taxes 
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INDIRECT  LABOR 
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FIGURE  2-7.  CALCULATION  OF  INDIRECT  LABOR  FRINGE  BENEFITS 


• Supplemental  unemployment  funds 

• Life  and  health  insurance 

• Shift  premium 

• Vacation  and  holiday  pay 

• Paid  lunch  time. 

Calculation  of  Other  Manufacturing  Expenses 

Other  manufacturing  expenses  such  as  maintenance 
materials,  perishable  tools,  supplies,  fuel  costs,  utilities 
depreciation,  etc.  are  usually  calculated  based  on  exper- 
ience and/or  industrial  engineering  standards. 


Allocation  of  Manufacturing  Expenses  to  Burden  Centers 


Returning  back  to  Figure  2-5,  the  next  step  in  devel- 
oping burden  absorption  rates  is  to  allocate  the  manufac- 
turing expenses  determined  in  Step  1 to  burden  centers. 
Presented  below  is  a discussion  of  the  burden  centers  and 
allocation  of  manufacturing  expenses  in  four  types  of  plants 

• Stamping 

• Engine 

• Foundry 

• Assembly. 

These  four  plants  are  discussed  because  they  are  representa- 
tive of  the  major  types  of  manufacturing  operators  employed 
in  the  automotive  industry.* 

Definition  of  the  Burden  Centers  in  a Stamping  Slant,  Engine  Plano, 
Foundry  and  Assembly  Plant 

A burden  center  is  either  a productive  department  or  a 
collection  of  productive  departments  engaged  in  the  produc- 
tion of  one  or  more  common  products.  For  each  burden  center 
there  exists  a single  standard  burden  absorption  rate.  The 
following  are  the  burden  centers  in  a stamping  plant,  engine 
plant,  foundry  and  assembly  plant: 

• Stamping  Plant.  A stamping  plant  generally  has 

four  productive  departments:  large  press,  small 

press,  repair  and  assembly.  Since  each  depart- 
ment is  engaged  in  producing  different  products, 
each  department  is  a separate  burden  center.  Due 
to  the  cost  of  equipment,  floor  space  required 
and  higher  level  of  automation,  the  large  press 


Engine  plant  represents  the  machining  operation  while  a foundry 
represents  the  casting  operation. 
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department  typically  has  a higher  fixed  and 
variable  burden  absorption  rate  than  the  other 
three  departments. 

• Engine  Plant.  An  engine  plant  generally  has  two 
final  burden  centers,  machining  and  engine  assembly 
The  machining  burden  center  in  turn  is  comprised 

of  the  following  eight  intermediate  burden  centers: 

Cylinder  Blocks 
Cylinder  Heads 
Crankshafts 
Camshafts 
Pistons 

Connecting  Rods  and  Caps 
Intake  and  Exhaust  Manifolds 
Water  and  Oil  Pumps. 

These  eight  intermediate  burden  centers  are  re- 
quired for  costing  of  parts  produced  for  service 
requirements . 

• Foundry . Normally  all  productive  departments  in 
a foundry  are  engaged  in  producing  the  same 
product.  Thus,  one  plant-wide  burden  center  is 
normally  all  that  is  required.  However,  since 
some  castings  which  have  been  in  storage,  must  be 
recycled  through  the  cleaning  process  before  ship- 
ment, there  are  frequently  two  burden  centers  in 

a foundry;  mold/casting  and  cleaning. 

• Assembly  Plant.  A car  assembly  plant  has  six 

productive  departments:  body,  paint,  trim,  chassis 

final  assembly  and  quality  assurance.  Since  all 
productive  departments  are  engaged  in  producing 
the  same  products  a single  burden  absorption  rate 
is  utilized  for  the  calculation  of  fixed  and  non- 
variable and  variable  standard  burden. 

Allocation  of  Variable  and  Non-Variable  Indirect  Labor  and  Fringe  Bene- 
fits 


With  the  exception  of  an  assembly  plant  in  which  there 
is  one  plant-wide  burden  rate,  non-variable  indirect  labor 
dollars  and  fringe  benefits  are  allocated  to  the  burden  cen- 
ters in  stamping  plants,  engine  plants  and  foundries,  as 
follows  (see  Figure  2-8): 

• The  plant  manager,  controller,  industrial  engineer- 
ing, personnel  and  resident  engineering  departments 
indirect  labor  and  fringe  benefit  dollars  are 
allocated  in  direct  proportion  to  the  relationship 
each  burden  center's  direct  labor  is  to  the  total 
plant  direct  labor  dollars. 
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• For  the  quality  control,  production  control,  and 
manufacturing  engineering  departments  which  are 
specifically  assigned  to  support  productive  depart 
ments  in  specific  burden  centers,  the  applicable 
indirect  labor  dollars  and  related  fringe  benefit 
dollars  are  allocated  on  a specific  manning  basis. 

• For  the  indirect  labor  manpower  of  the  quality 
control,  production  control  and  manufacturing 
engineering  departments  which  are  not  assigned  to 
support  specific  productive  departments,  the  appli 
cable  indirect  labor  dollars  and  fringe  benefit 
dollars  are  allocated  to  the  burden  centers  on 
the  basis  of  the  floor  space  occupied  by  the  pro- 
ductive departments  in  burden  centers. 

• Production  personnel  are  usually  assigned  to  sup- 
port productive  departments  in  burden  centers  and 
as  such  the  applicable  indirect  labor  dollars  and 
related  fringe  benefit  dollars  are  allocated  on 

a specific  manning  basis. 


INDIRECT  TALAR Y&HOURI.  Y 
-LABOR  $ 

-FRINGE  BENEFITS  $ 
-NON  VARIABLE  & VARIABLE 
AT  CONTROL  VOLUME 
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FIGURE  2-8.  ALLOCATION  OF  INDIRECT  LABOR  AND  FRINGE  BENEFIT 
DOLLARS  TO  BURDEN  CENTERS  IN  STAMPING  PLANTS, 

ENGINE  PLANTS  AND  FOUNDRIES 


2-15 


Allocation  of  Other  Manufacturing  Expenses 


Budgeted  fixed/non-variable  and  variable  other  manu- 
facturing expenses  at  control  volume  are  allocated  to  the 
burden  centers  in  a stamping  plant,  engine  plant  and  foundry 
on  the  following  basis: 

• Maintenance  materials,  perishable  tools,  spoilage 
and  rework  supplies,  communications,  postage  and 
purchased  services  are  allocated  on  the  basis 

of  actual  usage  and/or  industrial  engineering 
studies. 

• Fuel  costs  and  utilities  are  allocated  on  the  basis 
of  the  floor  space  occupied  by  the  productive  de- 
partments in  the  burden  centers. 

• Overtime  premium  is  allocated  in  direct  proportion 
to  the  relationship  each  burden  center's  direct 
labor  is  to  the  total  plant  direct  labor. 

• Depreciation  of  machinery  and  equipment  specifically 
identified  as  being  used  by  productive  departments 
is  allocated  to  the  appropriate  burden  center. 
Depreciation  on  other  machinery  and  equipment, 
furniture,  fixtures,  buildings,  insurance 

and  taxes  are  allocated  on  the  basis  of  the  floor 
space  occupied  by  productive  departments  in  each 
burden  center. 

An  overview  of  this  allocation  scheme  is  shown  in  Figure  2-9. 

Budgeted  fixed/non-variable  other  manufacturing  expenses 
at  control  volume  are  all  allocated  to  the  one  plant-wide 
burden  center  in  an  assembly  plant. 

Calculation  of  Direct  Labor 


Following  allocation  of  the  fixed/non-variable  and 
variable  manufacturing  expenses,  the  next  step  in  the 
methodology  is  to  calculate  the  standard  direct  labor  for 
each  of  the  burden  centers.  The  calculation  of  standard 
direct  labor  is  based  on  time  standards  established  by  indus- 
trial engineering  studies.  The  estimates  are  for  the  manu- 
facture (i.e.,  fabrication  and  assembly)  of  products  in  a 
specific  facility  utilizing  a specific  manufacturing  process. 
Thus,  the  estimates  are  facility/plant  specific. 
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FIGURE  2-9.  ALLOCATION  OF  OTHER  MANUFACTURING  EXPENSES  TO  THE  BURDEN  CENTERS 

IN  A STAMPING  PLANT,  ENGINE  PLANT  AND  FOUNDRY 


Direct  labor  time  standards  generally  include: 


• Base  Work:  Time  allowed  for  the  work  content 
generated  by  product  design  and  manufacturing 
process . 

• Insystem  Repair:  Time  required  to  make  repairs 

during  the  manufacturing  process. 

• Line  Balance:  Time  lost  because  of  the  inability 
to  assign  work  to  every  operator  for  a full  60 
minutes . 

• Relief  Time:  Time  each  operator  is  relieved  from 
assigned  operations.  This  is  usually  specified 
in  labor  agreements. 

In  addition  to  the  above,  in  a car  assembly  plant, 
direct  labor  time  standards  also  include  car  conditioning 
time.  This  is  defined  as  the  time  required  to  make  repairs 
after  completion  of  the  manufacturing  process  but  before 
release  of  the  vehicles  for  shipment. 

As  shown  in  Figure  2-10,  the  product  of  direct  labor 
time  standards  for  each  department  engaged  in  producing  a 
common  product,  the  average  departmental  wage  rate  and  control 
volume  equals  the  productive  department's  direct  labor  dol- 
lars. Direct  labor  dollars  are  also  allocated  by  burden  cen- 
ter as  shown  by  way  of  example  for  a stamping  plant  in  Figure 
2-11. 


FIGURE  2-10.  CALCULATION  OF  DIRECT  LABOR  DOLLARS 
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FIGURE  2-11.  SUMMARIZATION  OF  DIRECT  LABOR  DOLLARS 
BY  BURDEN  CENTER  FOR  A STAMPING  PLANT 


Computation  of  Plant  Burden  Absorption  Rate 

The  final  step  of  the  methodology  is  to  calculate  the 
plant  burden  absorption  rate  for  each  burden  center.  This 
rs  accomplished  by  dividing  the  manufacturing  expenses  al- 
located to  each  burden  center  by  the  direct  labor  applicable 
to  each  burden  center.  The  resulting  percentage  is  the 
plant  burden  absorption  rate  for  each  burden  center.  Sepa- 
rate burden  rates  are  calculated  for  fixed/non-variable  and 
variable  expenses. 

Figure  2-12  summarizes  the  methodology  used  in  comput- 
ing burden  absorption  rates  as  applied  to  a stamping  plant. 
As  shown,  separate  burden  absorption  rates  are  computed  for: 

• Large  press 

• Small  press 

• Repair 

• Assembly. 


In  an  engine  plant  separate  burden  absorption  rates  would  be 
developed  for  the  two  final  burden  centers — machining  and 
engine  assembly — and  the  eight  intermediate  burden  centers — 
cylinder  blocks,  cylinder  heads,  crankshafts,  camshafts, 
pistons,  connecting  rods  and  caps,  intake  and  exhaust  mani- 
folds, and  water  and  oil  pumps.  In  a foundry,  two  separate 
burden  centers  would  be  developed — mold/casting  and  cleaning 
and  one  plant-wide  burden  would  be  developed  for  an  assembl 
plant . 
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FIGURE  2-12.  CALCULATION  OF  STANDARD  BURDEN 

ABSORPTION  RATES 


As  described  previously,  when  calculating  standard  prod- 
uct costs,  the  standard  direct  labor  dollars  incurred  in  manu- 
facturing a product  is  multiplied  by  the  standard  burden 
absorption  rate  applicable  to  the  burden  centers  through 
which  the  product  was  processed.  This  results  in  a dollar 
value  for  the  manufacturing  expenses  or  burden  applicable 
to  the  product. 

When  a product  is  processed  through  multiple  burden 
centers,  the  burden  applicable  to  the  product  is  computed 
for  each  burden  center  by  applying  the  absorption  rate  for 
the  burden  center  to  the  direct  labor  dollars  incurred  in 
processing  the  product  through  the  burden  center.  Standard 
cost  is  determined  by  summing  standard  in-bound 
transportation,  standard  direct  labor  and  standard  plant 
burden . 

SENSITIVITY  OF  PLANT  MANUFACTURING  BURDEN  TO  PRODUCTION 
VOLUME  AND  LEVEL  OF  AUTOMATION 

This  section  presents  information  which  demonstrates 
the  effects  that  production  volume  and  level  of  automation 
has  on  direct  labor  and  plant  manufacturing  burden  costs. 

It  is  important  to  study  how  burden  rates  may  vary  since 
this  is  one  of  the  reasons  for  discrepancies  in  piece  cost 
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Computation  of  Plant  Burden  Absorption  Rate 


The  final  step  of  the  methodology  is  to  calculate  the 
plant  burden  absorption  rate  for  each  burden  center.  This 
is  accomplished  by  dividing  the  manufacturing  expenses  al- 
located to  each  burden  center  by  the  direct  labor  applicable 
to  each  burden  center.  The  resulting  percentage  is  the 
plant  burden  absorption  rate  for  each  burden  center.  Sepa- 
rate burden  rates  are  calculated  for  fixed/non-variable  and 
variable  expenses. 

Figure  2-12  summarizes  the  methodology  used  in  comput- 
ing burden  absorption  rates  as  applied  to  a stamping  plant. 
As  shown,  separate  burden  absorption  rates  are  computed  for: 

• Large  press 

• Small  press 

• Repair 

• Assembly. 

In  an  engine  plant  separate  burden  absorption  rates  would  be 
developed  for  the  two  final  burden  centers — machining  and 
engine  assembly — and  the  eight  intermediate  burden  centers — 
cylinder  blocks,  cylinder  heads,  crankshafts,  camsharts, 
pistons,  connecting  rods  and  caps,  intake  and  exhaust  mani- 
folds, and  water  and  oil  pumps.  In  a foundry,  two  separate 
burden  centers  would  be  developed — mold  casting  and  clean.".. 
and  one  plant-wide  burden  would  be  developed  for  an  assembly 
plant . 
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As  described  previously,  when  calculating  standard  prod- 
uct costs,  the  standard  direct  labor  dollars  incurred  in  manu- 
facturing a product  is  multiplied  by  the  standard  burden 
absorption  rate  applicable  to  the  burden  centers  through 
which  the  product  was  processed.  This  results  in  a dollar 
value  for  the  manufacturing  expenses  or  burden  applicable 
to  the  product. 

When  a product  is  processed  through  multiple  burden 
centers,  the  burden  applicable  to  the  product  is  computed 
for  each  burden  center  by  applying  the  absorption  rate  for 
the  burden  center  to  the  direct  labor  dollars  incurred  in 
processing  the  product  through  the  burden  center.  Standard 
cost  is  determined  by  summing  standard  m-bound 
transportation,  standard  direct  labor  and  standard  plant 
burden . 

SENSITIVITY  OF  PLANT  MANUFACTURING  BURDEN  TO  PRODUCTION 
VOLUME  AND  LEVEL  OF  AUTOMATION 

This  section  presents  information  which  demonstrates 
the  effects  that  production  volume  and  level  of  automation 
has  on  direct  labor  and  plant  manufacturing  burden  costs. 

It  is  important  to  study  how  burden  rates  may  vary  since 
this  is  one  of  the  reasons  for  discrepancies  in  piece  cost 
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estimates  developed  for  identical  components  by  different 
contractors.  To  illustrate  this  sensitivity,  the  manufac- 
turing process,  production  volumes,  direct  labor  manpower 
and  plant  manufacturing  burden  for  a hood  panel  outer,  hood 
panel  inner,  hood  assembly  and  four-cylinder  engine  are 
described  for  the  following  scenarios: 


• Hood  panel  outer  and  inner 

- Fully  automated  press  line 

Partially  automated  press  line 
Manually  operated  press  line 

• Hood  assembly 

Fully  automated  assembly  operations 
Manual  assembly  operations 

• 4-Cylinder  Engine 

Non-automated  manufacturing  process 
Automated  manufacturing  process 

Hood  Panel  Outer  and  Inner  and  Hood  Assembly 

This  section  describes  the  manufacture  of  a hood  panel 
outer,  hood  panel  inner  and  hood  assembly.  All  three  parts 
are  made  in  a stamping  plant.  The  section  is  divided  into 
the  following  parts: 


• Description  of  Hood  Panel  Outer  and  Inner  Manu- 
facturing Scenarios 

• Description  of  Hood  Assembly  Manufacturing  Scenarios 


• Calculation  of  Direct  Labor  and  Plant  Manufacturing 
Burden  for  Each  Scenario. 


Description  of  Hood  Panel  Outer  ccnd  Inner  Manufacturing 


Figures  2-13  and  2-14  graphically  depict  the  manufact  :ro 
of  a hood  panel  outer  and  a hood  panel  inner  respectively 
the  following  three  manufacturing  methods: 


• Fully  Automated  Press  Line.  This  is  depicted  at 
the  top  of  Figures  2-13  and  2-14.  In  a fully 
automated  press  line  mechanical  arms  exist  between 
each  press  for  the  transfer  of  the  sheet  metal 
stamping  from  one  press  to  another  thus  eliminating 
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FIGURE  2-13.  THREE  DIFFERENT  APPROACHES  TO  STAMPING  A PANEL  HOOD-OUTER 


ROLLING  BOLSTERS 


in 

•n 

nj 

c\j 

in 

rn 

rrs 

• 

Or 

\ 

Oz 

1 

cs 

3: 

© 

ft 

kj 

0CC 

Wkj 

® 

'0: 

kj 

-J 

CL 

CL 

-j 

Cl 

yi 

— 1 

iST  oi 

h~«. 

IT) 

8 

a 

£8 

o 

k. 

r y. 

CL 

< 


a 

k. 

1 

s 

-J 
— J 

5 


o 


88 

8g 


OO  b 


Q 

fc 

O 

h~ 

-J 

-J 

h8 

ct 

2 

CM* 


O 


^tt 

8S 

Sg 


Q: 

kj 

O 

Q. 

§ 


-j 


^ t 

O Q 

C_'  t— 
kj  -> 
C!  CJ 


0: 

kj 


5 


< 


< 


I 

.N 


2-23 


U3NNI-CI00II  'IMNVd 


the  need  for  manpower  between  presses  to  load  and 
unload  the  presses.  The  presses  are  equipped  with 
automatic  rolling  bolsters  for  quick  die  chanqes, 
and  mechanical  transfer  arms  permit  the  maximum 
utilization  of  the  presses'  cycle  time.  Automatic 
die  change  features  permit  the  changing  of  dies 
in  five  to  ten  minutes  versus  five  to  six  hours 
for  manual  die  changing. 


• Partially  Automatic  Press  Line.  This  is  depicted 
in  the  center  of  Figures  2-13  and  2-14.  In  this 
type  of  operation  mechanical  arms  are  used  for 
unloading  the  presses,  but  manpower  is  required 
for  loading  the  presses.  Dies  are  manually 
changed . 

• Manual  Press  Line.  This  is  depicted  at  the  bottom 
of  Figures  2-13  and  2-14.  In  a manual  operation, 
manpower  is  used  both  to  load  and  unload  presses 
and  to  change  dies. 

For  each  manufacturing  method,  the  figures  show  the  manpower 
requirements  and  production  rate.  Note  that  the  production 
volumes  are  higher  when  a fully  automated  manufacturing 
process  is  utilized. 

Description  of  Hood  Assembly  Manufacturing  Scenarios 

In  a similar  fashion  to  Figures  2-13  and  2-14,  Figure 
2-15  graphically  depicts  two  different  approaches  to  hood 
assembly.  The  top  part  of  the  diagram  depicts  the  automated 
approach  to  hood  assembly  common  in  the  U.S.  In  this  ap- 
proach, the  individual  operations  (i.e.,  adhesive  application, 
corrosion  spray,  etc.)  are  automated  but  the  transfer  of 
parts  from  one  operation  to  the  next  is  manual. 

The  bottom  part  of  the  diagram  depicts  the  manual  ap- 
proach to  hood  assembly  common  in  Japan.  In  this  approach, 
the  manufacturing  operation  is  manual,  but  the  transfer  of 
parts  is  made  via  a carousel.  In  Japan,  hood  assembly  is 
normally  carried  out  in  the  assembly  plant  geared  to  a single 
assembly  line  (i.e.,  the  hood  assembly  line  serves  as  a 
feeder  line  to  the  vehicle  assembly  line) . Thus,  the  hood 
assembly  and  vehicle  assembly  lines  have  the  same  production 
rates — 60  units  per  hour.  In  contrast,  as  shown  in  Figure 
2-15,  the  production  rate  of  hood  assemblies  in  the  U.S., 
using  the  automated  approach  is  much  higher  since  it  is  not 
tied  to  a specific  assembly  line.  In  the  U.S.,  it  is  common 
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TWO  Dlf-TKi<ENT  APPROACHES  TO  HOOD  ASSEMBLY 


for  a stamping  plant  to  build  and  assemble  hoods  for  more 
than  one  assembly  line.* 

Calculation  of  Direct  Labor  and  Plant  Manufacturing  Burden  for  Each 
Scanario 


To  demonstrate  the  sensitivity  of  direct  labor  and  plant 
manufacturing  burden  to  production  volume  and  level  of  auto- 
mation, Tables  2-2,  2-3  and  2-4  are  provided,  as  follows: 


• Table  2-2  calculates  the  burden  absorption  rates 
for  a hood  panel  inner  and  a hood  panel  outer  for 
each  of  the  three  manufacturing  scenarios  described 
earlier.  Also  provided  are  the  total  direct  labor 
and  annual  production  volume  (bottom  of  table) 
from  which  piece  cost  estimates  can  be  determined. 

• Table  2-3  calculates  the  burden  absorption  rates 
for  a hood  assembly  for  each  of  the  two  manufac- 
turing scenarios  described  earlier.  As  in  Table 
2-2,  direct  labor  and  annual  production  volume 
are  also  provided. 

• Table  2-4  summarizes  the  direct  labor  and  manufac- 
turing burden  costs  per  piece  for  a hood  panel 
inner,  hood  panel  outer  and  hood  assembly  for  each 
scenario  using  the  information  provided  on  Tables 
2-2  and  2-3. 


Note  that  the  absorption  rates  for  the  hood  panel  inner  and 
hood  panel  outer  were  computed  for  a large  press  burden  cen- 
ter and  the  hood  assembly  for  the  assembly  burden  center 
(i.e.,  the  production  departments  in  the  plants  where  the 
parts  are  made  ) . 


The  manufacturing  expenses  included  in  Tables  2-2,  2-3 
and  2-4  are  estimates  based  on  the  information  presented  in 
Figures  2-13,  2-14  and  2-15  and  do  not  apply  to  any  other 
manufacturing  operations  or  components.  The  following 
significant  effects  on  direct  labor  and  burden  are  illus- 
trated by  the  information  contained  in  the  Figures  2-13 
through  2-15  and  Tables  2-2  through  2-4: 


• Direct  labor  and  burden  piece  costs  are  the  lowest 
and  the  burden  absorption  rates  are  the  highest 
when  a fully  automated  manufacturing  process  is 
utilized . 


Using  their  approach,  Japan  is  able  to  minimize  inventory  levels 
and  costs. 
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TABLE  2-2.  CALCULATION  OF  BURDEN  ABSORPTION  RATES 
FOR  HOOD  PANEL  INNER  AND  OUTER 


I 


TABLE  2-3.  CALCULATION  OF  BURDEN  ABSORPTION  RATES  FOR  HOOD-ASSEMBLY 
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TABLE  2-4.  SUMMARY  OF  DIRECT  LABOR  AND  BURDEN  COSTS  PER  PIECE 
HOOD  PANEL  INNER,  HOOD  PANEL  OUTER  AND  HOOD  ASSEMBLY 


■ 


o Fixed  expenses  are  higher  and  direct  labor  is  lower 
when  a fully  automated  manufacturing  process  is 
utilized . 

Note  that  piece  cost  estimates  (direct  labor  plus  burden)  can 
vary  by  as  much  as  95  percent  depending  on  the  production 
volume  and  manufacturing  operation. 

It  should  also  be  noted  that  when  the  production  volume  re- 
quired is  less  than  can  be  obtained  from  utilizing  a fully 
automated  manufacturing  process,  the  direct  labor  and  manu- 
facturing burden  piece  costs  would  increase  significantly 
due  to  the  under-utilization  of  the  available  production 
capacity . 

4-Cylinder  Engine 

In  a similar  manner  to  the  hood  panel  inner/outer  and 
hood  assembly,  Tables  2-5  through  2-8  and  Figure  2-16  describe 
the  sensitivity  of  direct  labor  and  plant  manufacturing  bur- 
den to  production  volume  and  level  of  automation  as  follows: 

• Table  2-5  compares  the  manpower  requirements  for 
two  different  approaches  to  manufacturing  a 4- 
cylinder  engine — a non-automa ted  approach  and  an 
automated  approach 

• Figure  2-16  provides  explanations  for  the  differences 
in  manpower  requirements  for  the  two  approaches 
shown  in  Table  2-5 

• Tables  2-6  and  2-7  calculate  the  burden  absorption 
rates  associated  with  the  non-automated  and  automated 
processes  of  manufacturing  a 4-cylinder  engine, 
respectively 

• Table  2-8  summarizes  the  direct  labor  and  burden 
costs  per  engine  using  the  information  provided 
on  Tables  2-6  and  2-7. 

Again,  the  manpower  and  manufacturing  expenses  included  in 
Tables  2-6,  2-7  and  2-8  are  estimates  based  on  the  engine 
machining  processes  described  in  Figure  2-16  and  do  not 
apply  to  any  other  manufacturing  operations  or  components. 

Note  that  separate  burden  rates  are  calculated  in 
Tables  2-6  and  2-7  for  the  eight  intermediate  burden  centers 
(cylinder  blocks,  cylinder  heads,  crankshafts,  camshafts, 
pistons,  connecting  rods  and  caps,  intake/exhaust  manifolds 
and  water/oil  pumps)  and  two  final  burden  centers  (machining 
and  assembly) . As  in  the  previous  example,  the  following 
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TABLE  2 5.  COMPARISON  OF  MANPOWER  REQUIREMENTS 
FOR  NON-AUTOMATED  AND  AUTOMATED  4-CYLINDER 
ENGINE  MANUFACTURING  PROCESSES 

MANUFACTURING  PROCESS 


PRODUCTIVE  DEPARTMENT 

NON-AUTOMATED 

AUTOMATED 

MANPOWER 

Cylinder  Blocks 

88 

66 

DECREASE 

22 

Cylinder  Heads 

64 

48 

16 

Crankshafts 

93 

70 

2 3 

Camsha  f t s 

73 

56 

17 

Pistons 

21 

16 

5 

Connecting  Rods  & Caps 

56 

42 

14 

Intake/Exhaust  Manifolds 

37 

28 

9 

Water  & Oil  Pumps 

56 

42 

14 

Total  Machining 

488 

368 

120 

Assembly  & Testing 

387 

296 

91 

Total  Direct 

Labo  r 

875 

664 

2 11 

Indirect  Labor 

- Hourly 

645 

484 

161 

- Salary 

3 30 

256 

74 

Total 

Indirect  Labor 

975 

740 

235 

Total 

Manpower 

1,850 

1,404 

446 

Total 

Hours  Per  Engine 

8 . 88 

6.74 

2 . 14 

FIGURE  2-16.  EXPLANATION  OF  DIFFERENCES  IN  MANPOWER  REQUIREMENTS  FOR  NON- 

AUTOMATED  AND  AUTOMATED  4 CYLINDER  ENGINE  MANUFACTURING  PROCESSES 
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FIGURE  2-16.  EXPLANATION  OF  DIFFERENCES  IN  MANPOWER  REQUIREMENTS 
FOR  NON-AUTOMATED  AND  AUTOMATED  4 CYLINDER  ENGINE  MANUFACTURING 

PROCESSES 
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FIGURE  2-16.  EXPLANATION  OF  DIFFERENCES  IN  MANPOWER  REQUIREMENTS  FOR 
NON-AUTOMATED  AND  AUTOMATED  4 CYLINDER  ENGINE  MANUFACTURING  PROCESSES 
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TABLE  2-6.  CALCULATION  OF  BURDEN  ABSORPTION  RATES— 
-CYLINDER  ENGINE  NOL --AUTOMATED  MANUFACTURING  PROCESS 


2 

O 

M 

E-i 

s 

O 

2 

2 

< 


o 

o 

u 

• c 

o 

2 < 

</> 

SH  w 

U 2 

CO 

OS 

W 

H 

2 

W 


U 


oj 


2 CO 

2 C 

° Q 

U PS 


CO 

2 

8 

CO 

M 

2 


Eh 

X 

vD 

X 

O 

1 fcj 

o 

CM 

X 

cn 

CN 

X 

X < 

p 

O' 

CN 

P 

X 

CN 

< 

U CO 


3*S  E- 
2 b. 
< 
X 
U CO 


S5 


2 

W 

• u 

2 o 

3 

X 2 

CQ 

u tn 

2 

£ 

O 

Eh 


I 

M W 

OS  2 

23 


in  io 
rH  CO 
<3*  GO 

cn 

CO- 


LD CN 
rH  ^r 

x cn 


vD  vD 
co> 

m do 
o 
x p 

CO- 

LO 

oo  vd 

(N  ^ 
CO- 

CD  o 
x cn 
p p 


cry 


OO  vO 
CO  CD 
CN  CN 


CO- 


CO- 


D' rr 
CM 

CN  vN 


CO- 

o c 

CO  rH 
O CO 

I — I 

cry 

CN  GO 
cn  (j) 
vD  O 


cry 


co- 


vD 

rn 


G> 

vD 


CN 

GO 


P 

CN 


IT) 

OO 


x 

p 


CN 

p 

vO 

o 

CN 

o 

p 

cn 

vD 

vD 

O 

o 

CN 

rH 

X 

CO 

X 

X 

o 

cc 

i 

CN 

GO 

CN 

o 

X 

X 

X 

X 

X 

X 

CN 

cn 

X 

X 

c 

rr 

X 

P 

CN 

CO 

G* 

r>J 

cry 

a 

CN 

vD 

in 

X 

X 

rH 

o 

rH 

00 

cn 

X 

p 

LD 

col 

o 

vD 

X 

X 

X 

X 

o 

X 

X 

cn 

X 

G 

CN 

x| 

oi 

rH 

X 

o 

p 

x 

rH 

CN 

vD 

CN 

X 

X 

X 

°J 

VD 

CN 

CN 

rH 

rH 

rH 

X 

rH 

X 

X 

X 

rH 

X 

O 

vD^ 

cry 

3 

p 

X 

CTi 

CN 

'T 

X 

o 

o 

CO 

X 

CN 

CD 

X 

X 

CN 

X 

X 

o 

p 

P' 

vD 

X 

X 

X 

o 

rH 

X 

CN 

CD 

X 

X 

CN 

X 

<7 

rs. 

cc 

co  x 

id  id 

m rj* 


GO 


vO 

P 


LD 

vD 


LD 

vO 


O 

CN 


vO 


GO 


LD  CN  CO 

co  in  go 

x 


m 

x 


vD 

X 

cn 

CN 

o 

o 

X 

cn 

vD 

00 

CN 

X 

P 

O 

vD 

X 

co 

CN 

o 

o 

CN 

vD 

CO 

CN 

G 

ID 

CN 

X 

X 

p 

Cvl 

CN 

IN 

(N 

rH 

m 

X 

X 

X 

X 

X 

GO 

P 

CN 

rn 

</> 

O 

p 

G 


lD 

co-iko- 


-D 

> 

r 

co4 

no 

x 

X 


CN 


lO 

vD 

CN 


p 

GO 


X 

P 


LO 

X 


P 

X 


X 

LO 


P 

X 


X 

X 


CN 


O 

o 


CN 


X 

CN 


cn 

x 


x 


rH 

CN 

CN 


X 


X 


X 


X 

cn 


o x 

P CN 
P rH 


X 


X 

X 


vD 

co 

o 

X 

X 

X 

vD 

CD 

CN 

CO 

cn 

GO 

X 

p' 

C 

CN 

-a* 

co 

o 

o 

NT 

X 

m 

CN 

NT 

cc 

P^ 

X 

P' 

1 

X 

cn 

X 

X 

in 

NT 

X 

X 

CN 

lO 

X 

cn 

CN 

vD 

CN 

CN 

CC 

— 

CN 

o 

o 

X 

CN 

CN 

X 

CN 

GO 

CN 

•^r 

CO 

CD 

cn 

ivO 

CN 

T 

X 

CO 

CD 

X 

X 

O 

X 

O 

X 

r- 

vD 

X 

CO 

o 

CN 

vD 

X 

cn 

X 

X 

CN 

vD 

X 

vD 

CN 

X 

(N 

i 

1 

CN 

VD 

X 

vD 

NT 

G 

00 

CN 

CN 

r> 

P* 

rH 

X 

|0C 

O 

o 

vD 

X 

CN 

CN 

X 

p' 

GO 

X 

CN 

o 

cc 

IvD 

X 

co 

X 

X 

1— 

X 

X 

X 

X 

GO 

<Tv 

o 

CN 

3 

rx> 


o 

CO 

P 

X 

cn 

P 

P 

X 

rT 

CO 

X 

CO 

p 

o 

X 

X 

CN 

X 

CN 

X 

o 

X 

o 

X 

•^r 

X 

vD 

X 

o 

CN 

CN 

GO 

X 

P 

<N 

O 

CO 

o 

X 

■vT 

X 

X 

X 

X 

X 

X 

CN 

P 

X 

o 

o 

O' 

CO 

X 

X 

CO 

rH 

X 

CN 

CN 

CN 

rH 

(N 

<n 

X 

vD 

CN 

cn 

X 

cry 

X 

X 

rH 

CO 

</> 

cn 

o 

CO 

p 

X 

cn 

P 

P 

CN 

X 

o 

cn> 

rH 

CN 

cn 

10 

P 

X 

o 

CO 

in 

CN 

VD 

I 

o 

X 

X 

X 

o 

X 

X 

X 

cn 

X 

1 

1 

1 

| 

1 

col 

•» 

•»- 

* 

•k 

•k 

1 

| 

1 

| 

1 

* 

CD 

X 

VD 

X 

CN 

CN 

CN 

X 

X 

^ I 

col] 


ca 

oc, 

< 

Q 

> 

.H  CD 

GO 

P 

o 

W 

1 

r2  O 

X 

X 

CN 

X 

2 

t"  rH 

lO 

cn 

M 

o 

••  V 

•k 

Ch 

2 

X 

rH 

CN 

cry 

P 

i x 


CN 

X 


X 

X 

co 

p 

o 

X 

X 

X 

X 

rH 

o 

CN 

CN 

.N 

CN 

vD 

X 

CN 

P 

rH 

o 

r— < 

- 

•k 

CN 

rH 

cn 

X 

vD 

rH 

<N 

X 

sl 

CN 


o* 

P 


d* 

X 

X 

X 


X 

P 


O 

CN 

GO 

X 

m 

^r 

X 

p 

•* 

CN 

cry 

00-1 

CN 

CN 

X 


6 


x 


2 

W 

Q 

Eh 

Eh 

OS 

U 

U 

CO 

2 

s 

o 

CO 

w 

Eh 

23 

Q 

2 

• 

2 

os 

Eh 

2 

2 

U 

O 

w 

CD 

. 

£_ 

m 

o 

H 

H 

H 

W 

O 

u 

2 

- 

2 

CQ 

Cu 

Q 

Q 

2 

Eh 

2 

y 

M 

P- 

f 

CC 

X 

< 

W 

2 

2 

H 

w 

2 

o 

o 

o 

V. 

Sj 

a 

2 

H 

H 

Q 

u 

U 

is 

2 

i* 

1— 1 

u 

MM. 

CO 

W 

1 

1 

1 

2 

2) 

CO 

Eh 

< 

Oh 

Eh  X 

CQ 

>< 

>H 

>H 

rf 

y 

2 

CO 

CQ 

y 

CD 

< 

CO 

2 

< 

O 

U 0S 

PS 

2; 

< 

O 

U 

M 

g 

zz 

M 

— 

U 

y ^ 

2 

U 

< 

2 

2 

W 

2 

< 

M 

Eh 

M 

o 

u 

■ — 

Eh 

. " 

u 

2 2 

D 

u 

21 

21 

2 

Eh 

CO 

k-3 

2 

M 

2 

Eh 

M 

CO 

2 

S 

U 

CC 

r , 

M < 

o 

2 

< 

o 

o 

2 

M 

M 

21 

2 

2 

U 

2 

CD 

2 

2 

3k, 

--I 

X 

Q CO 

2 

H 

CO 

2 

2 

M 

2 

o 

U 

2 

M 

F 

W 

N 

2 

2 

2 

iX 

< 

2 

2 

« 

2 

2 

2 

Eh 

> 

CJ 

< 

w 

c 

H 

X 

o 

H 

Cn 

s 

2 

CO 

2 

CO 

2 

o 

O 

a . 

Eh 

a 

IS 

a 

HQ 

u w 


z 

o 

M 

Eh 

< 

u 

o 

4 

4 

< 


CO 

z 

w 

E-* 

z 

w 

u 


o 

o 

o 

v> 


z 

w 

Q 

(X 

P 

P3 


co 

co 

< 


H 

CO 


os 


4 I O 

< z z 

HUM 
O < Z 


(X 


CO 


H 

z 


4 

M 

o 


z 

X 

w 


Z CO 
Z Q 

° 9 

U PS 


CO 

z 


CO 

M 

Z 


H 
I X 

5 < 

< Z 
U CO 


X Eh 
Z IX 
< 


s 

CJ 


CO 


• Q 

s s 

u z 


u m 


4 

2 

Eh 

o 

Eh 


M W 

Z 4 
< ffl 
> < 


o3  PS 
< 


Q 

W 

X 


Eh 

Eh 

X 

u 

U 

CO 

2 

s 

CO 

Eh 

4 

o 

p 

■ 

PS 

Eh 

2 

2 

u 

o 

3 

M 

CO 

• 

o 

M 

M 

M 

9 

Q 

9 

s 

z 

Pj 

eg 

IX 

Q 

Q 

2 

fcH 

2 

9 

M 

z 

2 

Z 

W 

Z 

Z 

M 

w 

2 

o 

o 

o 

4 

z 

M 

M 

a 

u 

u 

ia 

z 

03 

H 

u 

CO 

>H 

w 

1 

1 

i 

z 

4 

CO 

Eh 

< 

PS 

Eh 

>H 

>< 

m 

X 

>H 

< 

m 

IX 

CO 

w 

w 

CO 

< 

CO 

4 

o 

U 

PS 

4 

z 

9 9 

z 

< 

u 

w 

M 

s 

z 

M 

z 

e> 

< 

2 

IX 

< 

2 2 

w 

z 

< 

H 

Eh 

M 

o 

CJ 

9 

Eh 

CJ 

2 

>4 

P 

u 

p 

P 

Eh 

CO 

4 

4 

M 

z 

Eh 

M 

co 

9 

s 

U 

t-M 

r . 

M 

< 

o 

z 

< 

o 

o 

z 

M 

M 

4 

z 

4 

W 

Z 

CO 

X 

z 

X 

9 

Q 

CO 

z 

M 

CO 

z 

z 

M 

z 

o 

IX 

z 

M 

Z 

W 

Z 

X 

z 

Z 

z 

c 

Z 

z 

rf! 

w 

z 

P 

p 

Eh 

Eh 

> 

w 

c 

w 

o 

M 

u 

M 

X 

s 

z 

CO 

X 

CO 

P 

O 

O 

z 

Eh 

Q 

3 

Q 

2-36 


BURDEN  ABSORPTION 

RATE  . 445%  J33%  778%  1,396%  1,246%  989%  725%  908%  970%  658%  525%  972%  535% 


TABLE  2-8.  SUMMARY  OF  DIRECT  LABOR  AMD  BURDEN  COSTS  PER  ENGINE 
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significant  effects  on  direct  labor  and  burden  are  illus- 
trated by  the  information  contained  in  the  tables: 

• Direct  labor  and  burden  piece  costs  are  the  lowest 
and  burden  absorption  rates  are  the  highest  when 
an  automated  manufacturing  process  is  utilized. 

• Fixed  expenses  are  higher  and  direct  labor  is 
lower  when  an  automated  manufacturing  process  is 
utilized. 

The  important  point  of  the  tables,  however,  is  that  total 
piece  cost  (labor  plus  burden)  can  vary  by  as  much  as  22 
percent  depending  on  the  production  volume  and  manufacturing 
process  assumed. 
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3. 


DESCRIPTION  OF  THE  AUTOMOTIVE  INDUSTRY'S  USE 
OF  COMPETITIVE  VEHICLE  TEARDOWN  STUDIES 


The  automotive  industry  has  for  many  years  used  compe- 
titive vehicle  teardown  studies  as  a basis  for  comparative 
value  analysis.  This  chapter  of  the  report  describes: 

• The  objectives  of  the  teardown  studies  conducted 
by  the  automotive  industry 

• The  methodology  employed  by  the  automotive 
industry  in  performing  these  teardown  studies 

• The  analysis  and  use  of  the  vehicle  teardown 
study  data  by  the  automotive  industry 

OBJECTIVES  OF  TEARDOWN  STUDIES  CONDUCTED  BY  THE  AUTOMOTIVE 
INDUSTRY 

Competitive  vehicle  teardown  studies  consist  of  a part 
by  part  dismantling  of  two  or  more  competitive  vehicles  and 
a comparison  of  the  parts,  components  and  assemblies  of  these 
vehicles  in  terms  of  product  design,  manufacturing  process, 
variable  manufacturing  costs  and  weight.  The  objective  of 
the  studi.es  is  to  provide  information  for  use  in  plan- 
ning, styling,  engineering  and  manufacturing  competitive 
vehicles . 

METHODOLOGY  EMPLOYED  BY  THE  AUTOMOTIVE  INDUSTRY  IN  P ERF  CRM  ’.NO 
VEHICLE  TEARDOWN  STUDIES 

In  performing  the  vehicle  teardown  studies  defined 
above,  the  auto  industry  essentially  follows  a three  step 
approach : 


• In  the  first  step,  the  manufacturer  conduction  the 
study  selects  one  of  its  vehicles  and  one  or  more 
comparable  vehicles  of  competing  manufacturers 
for  the  teardown  study. 

• In  the  second  step,  preliminary  data  are  collected 
on  the  vehicles.  This  involves  photographing  and 
weighing  the  vehicles  intact. 
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• In  the  third  and  final  step,  the  vehicles  are 
dismantled  so  that  the  design  and  weight  of  various 
parts,  components  and  assemblies  can  be  determined. 

In  carrying  out  this  third  and  final  step,  the  vehicles 
are  dismantled  into  twenty  basic  components,  as  follows: 

• Seats 

• Trim  panels 

• Carpets 

• Headlining 

• Instrument  panels 

• Glass 

• Engine  electrical 

• Transmission 

• Torque  converter 

• Rear  axle 

• Suspension 

• Drive  shafts 

• Wheels 

• Tires 

• Ornamentation 

• Grills 

• Bumpers 

• Lamps 

• Cross  members. 

This  leaves  the  body  with  integral  sealers,  sound  deadening 
and  paint  which  is  weighted.  The  above  components  are  also 
weighed,  further  disassembled  and  then  weighed  again. 

In  addition  to  the  above,  sections  are  cut  into  one 
side  of  the  vehicle  to  reveal  construction  of  roof  rails, 
headers,  "A"  post,  "B"  post,  roof,  doors,  hood,  deck,  etc. 

The  other  side  of  the  vehicle  is  left  intact.  Comparable 
disassembled  parts  of  the  teardown  vehicles  are  mounted  in 
the  following  major  groups: 

• Body 

• Glass 

• Ornamentation 

• Instrument  panel 

• Grille  and  lamps 

• Interior  trim 

• Chassis 

• Engine 

• Electrical 

• Brakes 

• Wheels  and  tires 
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• Transmission 

• Drive  components 

• Suspension 

• Other. 

The  compariable  vehicle  parts  are  then  compared  in 
terms  of  design  and  weight. 

ANALYSIS  AND  USE  OF  THE  VEHICLE  TEARDOWN  STUDY  DATA  BY 
THE  AUTOMOTIVE  INDUSTRY 

Using  the  design/weight  data  from  the  vehicle  teardown 
studies,  cost  estimates  of  material,  labor  and  variable 
burden  are  prepared  for  each  part  being  compared.  This  is 
done  on  the  basis  that  all  parts  under  comparison  were  manu- 
factured in  the  same  facility  and  that  the  manufacturing 
processes  were  at  the  same  level  of  automation  and  were 
produced  in  the  same  volume. 

For  comparison  purposes,  the  vehicle  of  the  manufac- 
turer conducting  the  teardown  study  is  considered  to  be  the 
base  vehicle.  The  cost  and  weight  estimates  of  the  compe- 
titors' parts  are  then  compared  with  the  cost  and  weight 
estimates  of  the  base  vehicle  parts  to  determine  whether 
a differential  exists.  Summary  charts  comparing  the  cost 
and  weights  of  the  comparable  parts  are  also  prepared  for 
the  following  major  groupings: 

• Body 

• Instrument  panel 

• Chassis 

• Brakes 

• Drive  components 

• Glass 

• Grill  and  lamps 

• Engine 

• Wheels  and  Tires 

• Suspension 

• Ornamentation 

• Interior  trim 

• Electrical 

• Transmission 

• Other. 

As  the  final  step  in  the  analysis,  the  product  planning, 
styling,  product  engineering  and  manufacturing  groups  of 
the  company  review  the  cost  and  weight  comparisons  and 
examine  the  mounted  parts  to  determine  potential  product 
improvement,  cost  and/or  weight  reduction  areas.  Further 
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studies  are  made  by  these  groups  to  determine  the  feasibility 
and  desirability  of  making  changes  in  product  design  and/or 
manufacturing  processes  to  produce  competitively  priced 
vehicles  and  still  retain  features  that  will  meet  or  beat 
competitors'  products.  In  conducting  all  studies,  consi- 
deration is  given  to  the  effect  required  changes  will  have 
on  manufacturing  facilities  and  processes  and  on  other  com- 
ponents or  systems  of  the  vehicle. 

Upon  agreement  with  all  involved  groups,  changes  are 
targeted  for  implementation  either  in  the  current  model 
year  as  engineering  changes  and/or  manufacturing  process 
changes  for  incorporation  in  future  model  product  plans. 


4. 


RECOMMENDED  GUIDELINES  FOR  USE  OF  TEARDOWN 
STUDY  DATA  IN  WEIGHT  REDUCTION  PROGRAMS 


As  mentioned  in  the  introduction,  the  U.S.  Department 
of  Transportation  currently  has  contracts  to  have  domes- 
tically built  cars  and  trucks  dismantled  and  estimates  of 
tooling,  material  and  processing  costs  prepared  for  selected 
components.  Cost  and  weight  analyses  are  also  prepared  for 
these  components  and  for  substitute  light  weight  materials. 

The  purpose  of  these  studies  is  to  identify  cost  justified 
weight  reduction  potentials.  The  problem  is  that  assumed 
production  volumes,  manufacturing  processes  and  a breakdown 
of  processing  costs  into  direct  labor  and  burden  elements 
are  not  provided  to  support  the  cost  estimates.  Consequently, 
whether  these  weight  reduction  potentials  are  truly  cost 
effective  cannot  be  completely  ascertained. 

This  chapter  of  the  report  presents  guidelines  recom- 
mended for  use  by  DOT/TSC  contractors  when  performing  tear- 
down  studies  in  support  of  vehicle  weight  reduction  analyses. 
The  guidelines  are  based  on  information  presented  previously 
in  Chapters  2 and  3 of  this  report,  and  if  implemented, 
should  result  in  an  improvement  in  the  conduct  of  existing 
and  future  studies.  The  chapter  is  divided  into  the  following 
parts : 

• Restatement  of  the  problem 

• Summary  of  recommended  guidelines. 

RESTATEMENT  OF  THE  PROBLEM 


If  the  two  estimates  were  based  on  the  same  volumes 
and  manufacturing  processes  using  the  same  level  of  auto- 
mation the  difference  would  be  the  cost  savings  or  penalty 
to  manufacture  the  component  from  different  materials  in 
similar  manufacturing  environments.  The  reduction  in  weight 
of  the  component  could  be  translated  into  a decrease  in  fuel 
consumption.  Thus  weight  reduction  potentials  could  be 
identified  for  further  study.  However,  without  details 
of  the  production  volumes,  manufacturing  process,  direct 
labor  and  burden  costs,  a meaningful  comparison  of  the 
teardown  cost  estimate  with  a manufacturer's  cost  cannot  be 
made  and  differences  cannot  be  reconciled. 
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SUMMARY  OF  RECOMMENDED  GUIDELINES 


First,  it  is  recommended  that  the  teardown  contractor 
and  the  U.S.  Department  of  Transportation  agree  on  the  cost 
elements  to  be  included  in  the  calculation  of  plant  manufac- 
turing burden.  The  following  are  examples  of  the  type  of 
expenses  that  should  be  included: 

• Indirect  labor  and  related  fringe  benefits  for 
the  following  non-productive  departments  which 
support  productive  departments: 

Plant  manager's  office 
Controller 

- Industrial  engineering 
Quality  control 
Manufacturing  engineering 
Personnel 

Resident  engineering 
Production. 

• Manufacturing  expenses 

Maintenance 
Perishable  tools 
Spoilage  and  rework 
Fuel 

Supplies 

Overtime  premium 
Utilities 
Other  expenses. 

• Fixed  Expenditures 

Taxes  - real  estate  and  personal  property 

Insurance  - property  plant  and  equipment 

Depreciation  - buildings,  machinery,  equip- 
ment, furniture  and  fixtures. 

Second,  it  is  recommended  that  the  teardown  contractor's 
piece  cost  estimate  be  supported  by  details  of  production  volume; 
description  of  manufacturing  process;  direct  labor  manpower; 
and  hourly  pay  rate  and  number  of  annual  work  days  per  man. 

Piece  cost  estimates  should  be  detailed  as  to  direct  labor, 
fixed  and  non-variable  burden,  variable  burden  and  produc- 
tive materials.  Figures  4-1  and  4-2  are  examples  of  the 
type  of  cost  estimate  and  manufacturing  process  sheets  that 
should  be  submitted  in  support  of  each  piece  cost  estimate. 
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FIGURE  4-1.  FORMAT  FOR  RECOMMENDED  MANUFACTURING  PROCESS  SHEET 


FIGURE  4-2.  FORMAT  FOR  RECOMMENDED  COST  ESTIMATE  SHEET 


Finally,  it  is  recommended  that  further  study  be  con- 
ducted when  a comparison  of  the  cost  and  weight  estimates 
for  the  teardown  component  and  the  component  manufactured 
from  lighter  weight  materials  indicates  a cost  justified 
weight  reduction  potential.  This  study  should  determine 
the  effect  the  change  in  materials  has  on: 

• The  manufacturing  facilities  and  processes 

• The  weight  distribution  of  the  vehicle; 

• The  structural  strength  of  the  new  component  and 
of  the  vehicle  as  a whole. 
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APPENDIX  - REPORT  OF  NEW  TECHNOLOGY 


The  work  performed  under  this  contract,  while  leading  to  no 
new  inventions,  has  led  to  recommendations  for  more  effective  use 
of  vehicle  teardown  study  data  in  automotive  weight  reduction 
studies  and  cost  analysis. 
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